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Abstract 

Background: Few studies have examined plain water consumption among US adults. This study evaluated the 
consumption of plain water (tap and bottled) and total water among US adults by age group (20-50y, 51-70y, 
and >71y), gender, income-to-poverty ratio, and race/ethnicity. 

Methods: Data from up to two non-consecutive 24-hour recalls from the 2005-2006, 2007-2008 and 2009-2010 
National Health and Nutrition Examination Survey (NHANES) was used to evaluate usual intake of water and water as a 
beverage among 15,702 US adults. The contribution of different beverage types (e.g., water as a beverage [tap or 
bottled], milk [including flavored], 100% fruit juice, soda/soft drinks [regular and diet], fruit drinks, sports/energy drinks, 
coffee, tea, and alcoholic beverages) to total water and energy intakes was examined. Total water intakes from plain 
water, beverages, and food were compared to the Adequate Intake (Al) values from the US Dietary Reference Intakes 
(DRI). Total water volume per 1,000 kcal was also examined. 

Results: Water and other beverages contributed 75-84% of dietary water, with 17-25% provided by water in foods, 
depending on age. Plain water, from tap or bottled sources, contributed 30-37% of total dietary water. Overall, 56% of 
drinking water volume was from tap water while bottled water provided 44%. Older adults (>71y) consumed much less 
bottled water than younger adults. Non-Hispanic whites consumed the most tap water, whereas Mexican-Americans 
consumed the most bottled water. Plain water consumption (bottled and tap) tended to be associated with higher 
incomes. On average, younger adults exceeded or came close to satisfying the DRIs for water. Older men and women 
failed to meet the Institute of Medicine (IOM) Al values, with a shortfall in daily water intakes of 1218 mL and 603 mL 
respectively. Eighty-three percent of women and 95% of men >71y failed to meet the IOM Al values for water. However, 
average water volume per 1,000 kcal was 1.2-1.4 L/1,000 kcal for most population sub-groups, higher than suggested 
levels of 1.0 IV 1 .000 kcal. 

Conclusions: Water intakes below lOM-recommended levels may be a cause for concern, especially for older adults. 
Keywords: Water intake, Drinking water, Adequate hydration, Adults, Beverages, Dietary surveillance 



Background 

Drinking plain water is an effective way to provide ad- 
equate hydration without calories [1,2]. Drinking plain 
water, tap or bottled, instead of caloric beverages, helps 
to reduce dietary energy density and may contribute 
to the management of body weight [3-8]. Water from 
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beverages and foods is the key determinant of the energy 
density of the diet [9]. 

Adequate intakes (Al) for water are defined on the basis 
of three factors: observed water intakes in population 
groups, desirable water volumes per energy intake, and 
desirable osmolality values in urine or plasma [10-12], 
The Al values for water from beverages and foods accord- 
ing to the US Institute of Medicine (IOM) are 2700 mL/ 
day for adult women and 3700 mL/day for adult men 
[13]. These values were based on median intake estimates 
among younger adults from NHANES III. 
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The desirable water- to- energy ratio is another index of 
adequate hydration. In the US, the IOM Dietary Reference 
Intake (DRI) Subcommittee suggested the standard water 
requirement for adults at 1.0 L per 1,000 kcal of energy 
expenditure [13]. This value could be increased to 1.5 L/ 
1,000 kcal, depending on activity level and water loss. 
Guidelines issued by the European Food Safety Authority 
(EFSA) [10] specify that the total available water intakes 
for adults should be no less than 1.0 L/ 1,000 kcal. 

The established DRI values for water are based on 
water obtained from drinking water (tap and bottled); 
water from other caloric and non-caloric beverages, and 
on moisture from foods [10,13]. The DRIs were estab- 
lished by the IOM mostly to prevent the adverse effects 
of dehydration, and the IOM report indicates that con- 
siderable inter-individual variation exists in terms of ne- 
cessary amounts of water to be consumed. Beyond 
issues of hydration, previous studies have shown that 
plain water consumption was associated with higher 
quality diets, better health behaviors, and lower risk for 
chronic disease in youth and adults [7,14-16]. 

With some exceptions [15,17,18], few studies have ex- 
plored the consumption of plain water among nationally 
representative samples of US adults. To our knowledge, no 
studies have examined water intake using the most recently 
available dietary data. In addition, previous work has not 
broken down water consumption by beverage category. 
The present study was conducted using a large and natio- 
nally representative database: National Health and Nutri- 
tion Examination Survey (NHANES) 2005-2010 for 
adults >20y. Estimates of total dietary water from all 
sources (including plain water) from other beverages and 
from moisture in foods were compared to the IOM AI 
values. Additional analyses examined the contribution of 
different beverages to overall water and energy intakes. 
Lastly, we evaluated the water/calorie ratios (mL/ 1,000 kcal) 
and compared them to the recommended values. 

Methods 

Dietary intake databases 

The present analyses used data from three cycles of the na- 
tionally representative National Health and Nutrition 
Examination Survey (NHANES), corresponding to years 
2005-2006, 2007-2008 and 2009-2010. The National Cen- 
ter for Health Statistics (NCHS) has obtained IRB approval 
for all cycles of NHANES studies [19] and the data has 
been made available for public use via the NCHS website 
[20]. The three NHANES cycles provided us with a nation- 
ally representative sample of 15,702 adults age > 20y. 

These NHANES cycles were selected for two reasons. 
First, the collection of data on tap and bottled water con- 
sumed as a beverage only began in 2005 as part of the 24-h 
recall. In previous NHANES cycles, information about 
water as a beverage was not collected during the recall, 



but was assessed via questionnaire after the 24-h recall 
was complete. Second, the 2005-10 NHANES cycles in- 
cluded two 24-h recalls for most respondents, allowing 
for estimation of usual intakes using methods developed 
by the National Cancer Institute (NCI). The first recall 
was conducted by trained dietary interviewers in a mobile 
examination center while the second recall was conducted 
by telephone some days later [21-24]. 

Plain water and beverage consumption 

Beverages were classified into nine broad groups: Water 
(bottled or tap), milk (including flavored), fruit juice 
(100%), soda/soft drinks (regular and diet), fruit drinks, 
sports/energy drinks, coffee, tea, and alcoholic beverages. 

The NHANES 24-h recalls for each respondent pro- 
vide information on the amount in grams of each food 
and beverage consumed. All results presented are for 
mL of water content from selected beverages, not mean 
intakes by volume (e.g., we present mL of water in milk, 
not mL of milk consumed), as that information is not 
provided in the NHANES data. 

Energy intakes from beverages and foods 

Energy intakes from different beverages and foods were es- 
timated for each respondent. Food and beverage amounts 
were converted to calories (kilocalories [kcal]) using stand- 
ard procedures for the United States Department of Agri- 
culture Food and Nutrient Database for Dietary Studies. 

Statistical analyses 

We used the National Cancer Institute (NCI) Method to 
characterize the usual intake distribution of total water, 
water consumed as a beverage (e.g., tap and water), and 
water and energy from beverage categories [25,26]. Two 
different approaches have been previously developed to 
estimate usual intake distributions using the NCI method: 
one for consumption of a ubiquitously consumed dietary 
component (e.g., calcium or total grains) and one for epi- 
sodically consumed components (e.g., vitamin A or whole 
grains). The ubiquitous model fits a one-part nonlinear 
mixed model that incorporates only the amount con- 
sumed into the estimation of usual intake, while the epi- 
sodic model fits a two-part mixed model that incorporates 
both the probability of consumption and the amount con- 
sumed in estimating the usual intake distribution. For 
total water, water from all beverages and water from food 
sources, the model appropriate for ubiquitously consumed 
dietary components was employed. All other values were 
estimated using the episodic model. For example, tap 
water was consumed by only 67% of respondents while 
less than half the respondents consumed bottled water 
on their first recall. For no beverage type and in no sub- 
population of interest did the frequency of consumption 
approach 90-95%, which would justify using the ubiquitous 
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model Additional covariates were included in the model to 
account for whether the recall data was from a week- 
day or weekend and whether it was the first or second 
recall [25,26]. 

In order to account for the complex survey design of 
NHANES data and estimate standard errors, balanced 
repeated replication (BRR) weights were constructed 
using WesVar software (Westat, Rockville, MD, 2012). A 
Fays adjustment of 0.7 was used and a total of 48 BRR 
runs were repeated for each analysis. The results are 
representative of the usual intake of the US population 
or sub-population of interest. 

Because the NCI Method employs a random seed in run- 
ning the models, values that would otherwise be expected 
to sum together may not do so (i.e., repeated runs of the 
same model can result in differences of -1% between runs). 
Therefore, the sum of estimates of water or energy from 
specific beverage categories will not be expected to sum 
perfectly to the global estimate of total water intake. For ex- 
ample, the estimated mean value of total water consumed 
as a beverage was 1138 mL, while the estimate for tap and 
bottled water respectively was 644 mL and 502 mL, sum- 
ming to 1146 mL. In estimating the population proportion 
of each beverage type to water and energy intakes, these es- 
timates were obtained by dividing the category-specific 
value by the sum of all category-specific values. The popu- 
lation proportion is the percent total water or energy from 
specific beverage categories at the population-level. This 
measure can be interpreted as a ratio of the means, rather 
than a mean of the ratios, and is best suited for examina- 
tions of population-level dietary habits [27]. When the 
estimated relative standard error was greater than 30% 
for estimated means the results are not presented. 

All analyses accounted for the complex survey design 
of NHANES and reflect the dietary behaviors of the US 
adult population from 2005-2010. The usual intake of 
water consumed as a beverage and total water were 
evaluated overall and by age group, gender, race /ethnicity, 
and family income-to-poverty ratio. The age groups 
were 20-50y, 51-70y, and >71y. Race/ethnicity was defined 
by self-report as non-Hispanic white, non-Hispanic black, 
Mexican-American, other Hispanic and mixed race/other. 
Family income-to-poverty ratios were defined as <1.0, 
1.0-1.99, 2.0-3.49, and >3. 

T-tests with unequal variances were used to test for dif- 
ferences in the mean intake level in each sub-group re- 
lated to a reference group of interest. The reference 
groups used were age 20-50y, men, non-Hispanic whites, 
and those with a family income-to-poverty ratio > 3.5. 

All analysis used SAS software (Version 9.4 of SAS Sys- 
tem for Windows, SAS Institute, Cary, NC, 2013) and esti- 
mates of the usual intake distribution used macros, code 
and methods adapted from NCI and the Centers for 
Disease Control (CDC) [28,29]. 



Results 

Plain water consumption 

Data presented in Table 1 show the consumption of plain 
water (total) in mL by age and by socio-demographic 
group. About 78% of adults reported consuming either tap 
or bottled water as a beverage on their first 24-hour recall. 

On average, American adults consumed 1.1 L (1,138 mL) 
of water as a beverage per day. Older adults (>71y) 
consumed less water than younger adults. Overall, 
men and women consumed comparable amounts of 
water as a beverage. 

There was a strong effect of socioeconomic status on 
consumption of water as a beverage. Adults with higher 
incomes consumed more water as a beverage than adults 
with lower incomes. There was no marked difference by 
race/ethnicity, though the other race/mixed race group 
consumed the most water as a beverage. 

Additional data from Table 1 show consumption of tap 
versus bottled water by age, gender, race/ethnicity, and 
family income-to-poverty ratio. Overall, adults consumed 
644 mL/d of tap water (about 56% of total water consumed 
as a beverage) and 502 mL/d of bottled water (44%). 

The patterns of water consumption varied strongly with 
age. For bottled water, consumption was strongly related to 
age; with younger adults consuming much more bottled 
water than older adults. The effect of gender on bottled/tap 
water consumption was not statistically significant. 

There were strong socio-demographic effects on type 
of water consumed. Non-Hispanic whites consumed the 
most tap water and the least bottled water (703 mL/d 
from tap vs. 437 mL/d from bottled). By contrast, Mexican 
Americans consumed the most bottled water (729 mL/d 
from bottled vs. 383 mL/d from tap). Lower-income 
adults consumed 603 mL/d of tap water as opposed to 
721 mL/d for higher income adults. There was a strong 
effect of family income on consumption of tap water. 
For bottled water, compared to adults with higher family 
incomes, only those with the lowest family incomes con- 
sumed significantly less bottled water. 

Water intakes from plain water, beverages, and foods 

Table 2 summarizes the principal sources of total diet- 
ary water by age group. The principal beverage sources 
were plain water, soda, coffee, tea, milk, and alcohol, 
followed by fruit drinks and fruit juices. Since milk was 
often used with cereal, results are presented for milk 
(total) and for milk consumed as a beverage (i.e. not 
with cereal). Additional water was provided in the form 
of moisture from foods. 

The contribution of plain water, soda (regular and 
diet), alcohol and fruit drinks to water intakes tended to 
decrease with age. By contrast, the contribution of coffee 
and tea to total water intake increased with age. Older 
adults (>71y) obtained about 18% of their daily water 
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Table 1 Mean intakes 1 


of plain, tap and bottled water (mL) among adults by socio-demographic group 






n 


Total water 


Pairwise 


Tap water 


Pairwise 


Bottled water 


Pairwise 






as a beverage 


p-value 




p-value 




p-value 


All Adults 


15702 


1138 (16) 


_ 


644 (13) 


_ 


502 (13) 


_ 


Age group 
















20-50 


8389 


1294 (22) 


ref 


700 (17) 


ref 


597 (16) 


ref 


51-70 


4737 


1020 (20) 


<0.001 


607 (18) 


<0.001 


431 (14) 


<0.001 


>71 


2576 


669 (12) 


<0.001 


495 (10) 


<0.001 


181 (9) 


<0.001 


Gender 
















Men 


7614 


1153 (23) 


0.30 


660 (15) 


0.12 


509 (19) 


0.73 


Women 


8088 


1125 (14) 


ref 


628 (14) 


ref 


501 (12) 


ref 


Race/ethnicity 
















Non-Hispanic White 


7610 


1134 (19) 


ref 


703 (17) 


ref 


437 (12) 


ref 


Non-Hispanic Black 


3173 


1129 (23) 


0.87 


513 (18) 


<0.001 


617 (27) 


<0.001 


Mexican-American 


2899 


1095 (25) 


0.23 


383 (22) 


<0.001 


729 (33) 


<0.001 


Other Hispanic 


1322 


1208 (41) 


0.10 


455 (35) 


<0.001 


758 (48) 


<0.001 


Other race - including mixed race 698 


1314 (96) 


<0.001 


692 (60) 


0.86 


606 (37) 


<0.001 


Family income-to-poverty ratio 














<1 


2905 


1026 (33) 


<0.001 


603 (28) 


<0.001 


407 (21) 


<0.001 


1-1.99 


3870 


1088 (25) 


<0.001 


565 (22) 


<0.001 


542 (25) 


0.27 


2-3.49 


3181 


1115 (27) 


<0.001 


625 (22) 


<0.001 


505 (16) 


0.86 


>3.5 


4532 


1223 (20) 


ref 


721 (17) 


ref 


509 (17) 


ref 


Values are survey-weighted means with standard errors in parentheses. 












Table 2 Mean and percent of total water (mL) from various food/beverage categories by age group 






20-50y 




51-70y 




>71y 






Mean (SE) 


% of total water 


Mean (SE) 


% of total water 


Mean (SE) % of total water 


Water 


1294 (22) 


37.1 


1020 (20) 


32.0 




669 (12) 


30.1 


Soda 


466 (9) 


13.4 


312 (8) 


9.8 




140 (5) 


6.3 


Diet soda 


164 (4) 


4.7 


1 78 (6) 


5.6 




62 (3) 


2.8 


Regular soda 


310 (8) 


8.9 


135 (3) 


4.2 




79 (3) 


3.6 


Coffee 


297 (6) 


8.5 


515 (11) 


16.2 




406 (8) 


18.3 


Alcohol 


280 (9) 


8.0 


156 (6) 


4.9 




50 (3) 


2.3 


Milk 


142 (4) 


4.1 


137 (4) 


4.3 




153 (4) 


6.9 


Milk (no cereal) 


1 1 1 (4) 


3.2 


108 (4) 


3.4 




106 (3) 


4.8 


Tea 


197 (5) 


5.6 


292 (7) 


9.2 




158 (6) 


7.1 


Fruit drinks 


90 (3) 


2.6 


74 (4) 


2.3 




32 (2) 


1.4 


Diet fruit drinks 


16(2) 


0.5 


36 (3) 


1.1 




13(2) 


0.6 


Regular fruit drinks 


74 (3) 


2.1 


38 (3) 


1.2 




19(2) 


0.9 


Fruit juice 


74 (3) 


2.1 


59 (2) 


1.8 




59 (2) 


2.7 


Sports/energy 


54 (3) 


1.5 


24 (2) 


0.7 




6(1) 


0.3 


Water from food 


590 (5) 


16.7 


598 (11) 


18.3 




547 (11) 


24.4 


Water from beverages 1 


2940 (20) 


83.3 


2665 (23) 


81.7 




1693 (15) 


75.6 


Total daily water 


3563 (24) 




3229 (27) 






2251 (17) 





^ilk consumed with food is included as a beverage. 
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from coffee and coffee beverages compared to 8.5% 
among younger adults. 

Among adults aged 20-50y, 83% of total water came 
from beverages, including 37% from plain water, and 
17% from moisture in foods. For this age group, soda 
was an important source of dietary water, accounting for 
13% of total water. Coffee and alcohol respectively pro- 
vided 8.5% and 8% of total water. 

Among adults aged 51-70y, 82% of total water came 
from beverages, including 32% from plain water, and 18% 
from moisture in foods. For this age group, soda provided 
10% of total water, whereas coffee provided 16% and tea 
another 9%. Alcohol provided 5% of total water. 

Among adults aged >71, 76.0% of total water came from 
beverages, including 30% from plain water. Twenty-seven 
percent of water came from moisture in foods. For this 
age group, soda provided 6% of total water, whereas coffee 
provided 18.0% and tea another 7%. Alcohol provided 
only 2.0% of total water for this age group. 

Figure 1 shows the principal sources of total dietary 
water separately by gender and age group. For both 
men and women, the principal beverage sources were 
plain water, soda, coffee, tea, milk, and alcohol. The 
age-related decrease in soda and alcohol consumption 
and increase in coffee consumption were observed for 
both men and women. 

The shortfall in water consumption relative to the IOM 
AI values for each age group is also indicated in Figure 1. It 
can be seen that as a group, older men failed to meet the 
AI value. The shortfall amount for that group was 
1,218 mL/d for men >71. On average, women aged <70y 
exceeded the AI value, whereas women >71y had a shortfall 



of approximately 603 mL/d. Among adults 20-50y 42.7% of 
men and 40.6% of women failed to meet the IOM AI value 
for total water (3700 mL for men and 2700 mL for 
women). For adults 51-70y, 59.1% of men and 44.9% of 
women failed to meet the AI value for total water. Ninety- 
five percent (94.7%) of men and 82.6% of women aged 
>71y failed to meet the AI value for water. 

Energy intakes from beverages and foods 

Table 3 shows the contribution to energy intakes from 
beverages and foods by age group. The beverages are 
separated by category. The contribution of foods to en- 
ergy intakes rose with age, from 78.3% among younger 
adults to 86.3% among those >71y. The contribution of 
beverages to energy intakes declined from 21.7% among 
20-50y to 13.7% among >71y. Soda accounted for 5.7% 
of energy intakes in the 20-50y age group but only 2.1% 
among those >71y. 

Water density per 1,000 calories 

Total water intakes and water density per 1,000 kcal is 
shown in Table 4. The observed water volume per 
1,000 kcal was between 1.2-1.4 L/1,000 kcal. Adults 50- 
70y, women, non-Hispanic whites and adults with higher 
incomes consumed the most water dense diets. 

Discussion 

These analyses of total water intakes from all sources, 
including tap and bottled water, were conducted among a 
representative sample of US adults from the NHANES 
2005-2010 database. The amounts of dietary water provided 
by plain water and by other beverages and foods were then 
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Table 3 Mean and percent of total energy (kcal) from 
various food/beverage categories by age group 

20-50y 51-70y >71y 

Mean % of Mean % of Mean % of 





(SE) 


total 


(SE) 


total 


(SE) 


total 


Milk 


90 (2) 


3.6 


83 (2) 


3.9 


87 (2) 


5.1 


Milk (no cereal) 


74 (2) 


3.0 


66 (2) 


3.2 


63 (2) 


3.7 


Soda 


141 (4) 


5.7 


73 (2) 


3.5 


35 (2) 


2.1 


AILUI IUI 


\D\ \f\) 


f\ 1 

D. I 


OA [D) 


3 Q 


DO pj 


9 1 
Z. I 


Fn lit ii \\cp> 
n uil juilc 




1 6 


31 C\) 
D I \\ ) 


1 5 


d \ y\ ) 


1 8 


Fruit drink 


40 (2) 


1.6 


19(1) 


0.9 


12(1) 


0.7 


Tea 


25 (1) 


1.0 


20(1) 


1.0 


8(1) 


0.5 


Coffee 


8(1) 


0.3 


8(1) 


0.4 


6(1) 


0.4 


Sports/energy 


16(2) 


0.6 


6(1) 


0.3 






Water 














Energy from 
beverages 


526 (6) 


21.7 


351 (4) 


17.0 


225 (4) 


13.7 


Energy from 
food 1 


1901 (12) 


78.3 


1716 (12) 


83.0 


1419 (12) 


86.3 


Total energy 


2437 (13) 




2061 (14) 




1643 (13) 





^Relative standard error is greater than 30%. 

^ilk consumed with food is included as a beverage. 



compared to AI values by gender and by age group. The 
intent was to examine how close the population came to 
meeting the AI values, as defined by the IOM DRIs. Ac- 
cording to the IOM, AI values may be used as goals for 
individual intakes though there is much inter-individual 
variation for water needs. Health status, physical activity 
or strenuous work, and environmental factors, such as 
temperature and humidity, are additional aspects to be 
considered when evaluating adequate intakes at the indi- 
vidual level [2,13,30-32]. 

A large proportion of older men (94.7%) and women 
(82.6%) failed to meet the IOM AI values. The average 
shortfall was 1218 mL (41.2 fl oz) for older men and 
603 mL (20.4 fl oz) for older women. The average shortfall 
was only 122 mL (4.1 fl oz) for men 50-70, though 59.1% 
consumed less than 3700 mL per day. Although the ave- 
rage intake of water among women less than 70 was ad- 
equate; 45% and 41% of women 51-70y and 20-50y 
consumed less than 2700 mL of water per day. Younger 
men consumed the most total water, but 42.7% consumed 
less than 3700 mL of water per day. 

The second criterion of adequate hydration, water 
volume (in mL) per 1000 kcal, did not fall short of de- 
sirable values, though such an evaluation is dependent 
on measuring energy intakes and expenditures accur- 
ately. Whereas the EFSA and IOM recommendations 
are at least 1.0 L per 1,000 kcal [10,13], the observed 
values of -1.2-1.4 L/ 1,000 kcal were well above this cut- 
point, though there were some differences by population 
sub-group. Women, non-Hispanic whites and adults with 



Table 4 Total water and water density among adults by 
socio-demographic group 



Total H 2 0 from all H 2 0 from all sources 
sources (mL) (mL) per 1,000 kcal 





Mean 
(SE) 


p-difference 
of means 


Mean (SE) 


p-difference 
of means 


All -^A\ iltr 

aii aauits 


3 3 1 1 / 1 Q\ 

dd 1 1 { i yj 




i ooy p.4j 




Age group 










zu-ouy 


ojdU pUJ 


ret 


1 Q/l Q (£. 


ret 


j i -/uy 


TTnn /"it 1 * 
3ZZy (Z/J 


<U.UU I 


1/1/10 C\ 1 ~X\ 

1 44z { 1 Z.d) 


<U.UU I 


>71y 


2251 (17) 


<0.001 


1306 (11.7) 


0.14 


Gender 










Men 


3779 (26) 


ref 


1274 (6.2) 


ref 


Women 


2899 (16) 


<0.001 


1454 (9.3) 


<0.001 


Race/ethnicity 










Non-Hispanic White 


3439 (24) 


ref 


1412 (8.9) 


ref 


Non-Hispanic Black 


2854 (32) 


<0.001 


1185 (10.2) 


<0.001 


Mexican-American 


3037 (36) 


<0.001 


1277 (9.8) 


<0.001 


Other Hispanic 


3156 (44) 


<0.001 


1308 (11.1) 


<0.001 


Other race - 
including mixed race 


3155 (67) 


<0.001 


1399 (16.8) 


0.49 


Family income-to- 
poverty ratio 










<1 


3164 (37) 


<0.001 


1299 (11.4) 


<0.001 


1-1.99 


3176 (27) 


<0.001 


1335 (11.3) 


<0.001 


2-3.49 


3172 (30) 


<0.001 


1377 (12.6) 


0.049 


>3.5 


3512 (23) 


ref 


1411 (11.8) 


ref 



higher family incomes tended to have diets that were 
more water dense. 

The evaluation of water density suggests that water in- 
take at the population-level is generally adequate, though 
evaluations of absolute values suggest that water intake 
may be too low among older adults. It is beyond the 
scope of this work to identify which of these two mea- 
sures is the better indicator of water intake. Given the 
focus of the IOM DRIs Committee on the absolute 
intakes and the potential for under-estimating energy 
expenditure/intake, more emphasis should be placed 
on the absolute intake findings [13]. 

Biological markers, including serum or plasma osmolal- 
ity, and to some extent urine osmolality, are additional 
markers of hydration status [10,33,34]. Until recently, hy- 
dration biomarkers were not included in NHANES data. 
In the 2009-2010 cycle, urine osmolality data were col- 
lected. Upon release of additional cycles that collect this 
data (to increase the sample size and availability of sam- 
ples taken early in the morning), future work could exam- 
ine patterns of this variable by population sub-group. 
However, no established cutoffs for hydration adequacy 
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based on urine osmolality have been established at the 
population level 

The present analyses of the observed water intakes rela- 
tive to the indices of hydration suggest that water con- 
sumption ought to be monitored more closely [35]. In 
2010, EFSA published a 48-page report on water consump- 
tion, arguing that water is often disregarded in national 
and international recommendations or is very cursorily 
treated [10]. For example, the 2010 US Dietary Guidelines 
Advisory Group report devoted only two pages to water, 
stating that most healthy people consumed adequate 
water to meet their needs. Because water needs vary con- 
siderably, they concluded that a minimum intake of water 
could not be set [36] . 

The current study was unique in focusing on the con- 
sumption of plain drinking water and other beverages 
using the most recently available data for American adults. 
Previous work evaluating beverage intakes of adults has fo- 
cused on the predictors and correlates of consuming spe- 
cific beverages [37-40], the relation between beverage 
intake and measures of diet quality [13,15,40], the contri- 
bution of beverages to nutrient or energy intake [41,42], or 
time-trends in beverage consumption patterns or prefer- 
ences [43,44]. One important finding from the current 
study was differences in tap vs. bottled water consumption 
by socio-demographic factors, namely race/ethnicity, but 
also by family income. A recent study focused on the rela- 
tion between the perceived safety of tap water and the in- 
take of sugar sweetened beverages among US adults, 
nothing that those who viewed tap water as safe to drink 
tended to be older, have higher incomes, be better edu- 
cated, were more active and were more likely to be white 
[45]. Water safety has previously been raised as a concern 
and may explain the higher proportion of Mexican- 
American and other Hispanics who consume bottled vs. 
tap water [46,47]. However, none of these studies mea- 
sured water consumption directly. It is unclear why a 
weaker preference was observed for the non-Hispanic 
black population in the present study. 

Another recent report, based on the 2007 National 
Cancer Institutes Food Attitudes and Behaviors Survey, 
examined behaviors and attitudes associated with low 
consumption of plain water among US adults [48]. Here, 
the adjusted odds of drinking <4 cups of water per day 
was associated with older age (>55y), sedentary lifestyles 
and low consumption of fruits and vegetables, but not 
with education or incomes. However, in this study regu- 
lar water consumption was reported via questionnaire, 
not by measurement in a dietary recall or interview. 

The present study therefore fills a gap in the existing 
knowledge regarding water consumption patterns among 
US adults. Although older adults are known to represent 
a group at risk, current data on water consumption pat- 
terns have not been available previously. 



Future guidelines on beverage consumption should take 
plain drinking water into account. This is particularly im- 
portant given the size of the shortfall between observed in- 
takes and IOM AI values for older adults. This is particularly 
important given the increased likelihood of having an im- 
paired thirst mechanism among older adults [49]. 

Total water intake can be increased in a number of 
ways. The most effective way would be to increase the 
consumption of plain water, including either tap or bot- 
tled water. Promoting water intake is currently highlighted 
in the 2010 Dietary Guidelines for Americans as a poten- 
tial replacement for sugar-sweetened beverages [50]. Fu- 
ture dietary surveillance should monitor total water intake 
to determine if reducing intake of sugar-sweetened bever- 
ages has a negative impact on total water intake. 

In the present analyses of NHANES 2005-2010 data, 
non-beverage food sources accounted for 17-25% of total 
dietary water, as compared to 19% reported in the 2010 
Dietary Guidelines for Americans Advisory Committee re- 
port [36], though methods for assessing water intake have 
changed from previous NHANES cycles. This observation 
highlights that increasing consumption of low energy 
density foods with high water content foods (e.g., fruits/ 
vegetables) is another approach to increase water intakes, 
while subsequently improving overall diet quality. 

The present analyses had some limitations. First, the 
NHANES data are based on self-report and are subject 
to random and systematic reporting errors. Each of the 
two dietary recall days used different methods to collect 
the data, which may introduce mode effects into the es- 
timate of water consumption. If water intakes were 
under-reported in the NHANES database, then the esti- 
mates presented here will over-estimate the percent of 
adults who fail to meet the recommended intakes. It is 
probable that many respondents under-reported water 
intakes due to drinking water lacking salience. This may 
be particularly problematic for events where little water 
was consumed or it was consumed casually (e.g., repeat- 
edly being refilled at a restaurant). It is important to 
note that these data cannot be directly compared to 
those from pervious cycles of NHANES (prior to 2005), 
as the mode for collecting data on water intake changed. 
In previous cycles of NHANES water intake was mea- 
sured at the end of the recall via questionnaire, whereas in 
more recent cycles, water is measured as part of the 24- 
hour recall. Comparisons of water intake for the entire 
population and population sub-groups between 1999- 
2004 and 2005-2006 reveal that estimated water intakes 
are approximately 15% lower using newer as compared to 
older data [15]. While this difference may be attributable 
to secular changes in water intake, they are more likely 
driven by changes in data collection. Caution should be 
applied when comparing the results presented here to 
data collected prior to 2005. An additional limitation in 
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evaluating adequacy of water intake at the population-level 
is the lack of Recommended Daily Allowance values for 
water. While the AI values established by the IOM provide 
some benchmark in evaluating water intake, the propor- 
tions above/below this value should be interpreted cau- 
tiously. The 2010 Dietary Guidelines for Americans 
contends that the combination of thirst and normal eating/ 
drinking behaviors provides sufficient water [49]. Surveil- 
lance of water intake from dietary data should be carefully 
monitored and the use of biomarkers to evaluate hydration 
status at the population-level should be a priority. 

Nonetheless, the present analyses represent one of the 
few explorations of the consumption of water in the US 
and can be used to inform approaches to improving the 
overall diet quality and hydration status of the popula- 
tion. Advantages of the data used here include the use of 
a large and nationally representative dataset that forms 
the basis for dietary surveillance in the US. 

Conclusions 

Among older men and women, there is evidence of inad- 
equate water consumption in absolute terms. Fewer than 
4.3% of men and 17.4% of women aged >71y consumed 
the recommended amounts of total water. Increasing total 
water consumption can be achieved through various 
means, though promotion and encouragement of non- 
caloric beverages is likely to be the most successful avenue 
for increasing water consumption without increasing en- 
ergy intakes. 
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